TECHNICAL FIELD OF THE INVENTION 
The present invention relates to a starter generator for an internal 
combustion engine that operates as an electric motor for starting the internal 
combustion engine when the internal combustion engine is started, and 
5 operates as a generator after the internal combustion engine is started. 

BACKGROUND OF THE INVENTION 
A starter generator for an internal combustion engine is comprised of a 
rotating electric machine that includes a magnet rotor mounted to a 
10 crankshaft of the engine, and a stator having a polyphase armature coil 
wound around an armature core, and a driver provided between the armature 
coil of the rotating electric machine and a battery. 

The driver is comprised of a bridge type switch circuit that performs a 
function of transferring phases where a drive current is flowed so as to rotate 
15 the rotor in a predetermined direction, and a rectifier circuit that rectifies an 
AC voltage induced in the armature coil to supply the AC voltage to the 
battery after the engine is started. 

Generally, a bridge type full-wave rectifier circuit in which a diode 
forms each side of a bridge is used as a rectifier circuit. The switch circuit is 
20 constituted by a switch element connected in anti-parallel to each diode of the 
rectifier circuit. 

As a power supply unit that uses a generator driven by the internal 
combustion engine to supply power at a commercial frequency to a load, a 
power supply unit is often used, that includes an AC/DC converter that 
converts an AC voltage output by the generator into a DC voltage, and an 
inverter that converts an output of the converter into an AC voltage. Such a 
power supply unit is known as an inverter generator. 

When the starter generator as described above is used, the inverter 
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generator can be comprised by adding an inverter that converts a voltage of 
the battery into an AC voltage, to an output side of the battery that is 
charged with an induced voltage of the armature coil through the rectifier 
circuit in the driver. 

The inverter generator is used instead of a commercial power supply, 
and thus a rated output voltage of the inverter generator differs depending on 
countries. There are five types of rated voltages of commercial power 
supplies now used across the world: 100 V, 110 V, 120 V, 230 V, and 240 V 
(all of them are effective values). These voltages can be divided into a 100 V 
system (100 V, 110 V, 120 V) and a 200 V system (230 V and 240 V). 

In a conventional inverter generator, two types of generators having 
winding specifications suitable, one for obtaining a rated voltage of the 100 V 
system, and the other for obtaining a rated voltage of the 200 V system, are 
prepared to obtain the voltage for each system. Specifically, for the 100 V 
system voltage, a generator is prepared, having winding specifications that 
allow generation of an AC voltage with a peak value (approximately 170 V) 
required for obtaining an AC voltage of 120 V in a maximum rated voltage 
(an effective value) in the system, and an output of the generator is once 
converted into a DC output, then the DC output is input to an inverter, and 
the inverter is controlled to generate the AC voltage of 100 V, 110 V, or 120 V, 
when the internal combustion engine is in a normal operation state. 

For the 200 V system voltage, a generator is prepared, having winding 
specifications that allow generation of an AC voltage with a peak value 
(approximately 339 V) required for obtaining an AC voltage of 240 V in an 
effective value, and an output of the generator is once converted into a DC 
output, then the DC output is input to an inverter, and the inverter is 
controlled to generate the AC voltage of 230 V, or 240 V, when the internal 
combustion engine is in a normal operation state. 



However, when using the generators having different winding 
specifications for the different voltage systems as described above, the two 
types of generators have to be prepared, thus inevitably increasing costs. 

It can be considered that a generator having the same winding 
5 specifications is used to obtain both the 100 V system rated voltage and the 
200 V system rated voltage by controlling the inverter, but such a 
construction requires a generator having a maximum output larger than a 
rated output of the inverter, thus increasing sizes of an armature core and an 
armature coil to increase sizes of a rotating electric machine. 
10 In the inverter generator, it is preferable to use a generator having a 

maximum output suitable for a rated output of an inverter in order to prevent 
increase in a size of the generator more than necessary. 



SUMMARY OF THE INVENTION 
15 Therefore, an object of the invention is to provide a starter generator 

for an internal combustion engine that are adapted to obtain a 100 V system 
voltage and a 200 V system voltage, without increasing sizes of a rotating 
electric machine more than necessary. 

The present invention is applied to a starter generator for an internal 
20 combustion engine that operates as an electric motor for starting the internal 
combustion engine when the internal combustion engine is started, and 
operates as a generator after the internal combustion engine is started. 

According to the invention, the starter generator for an internal 
combustion engine includes: a magnet rotor mounted to a crankshaft of the 
25 internal combustion engine; a stator having a polyphase first armature coil 
and a polyphase second armature coil; a first battery and a second battery; a 
first driver provided between the first armature coil and the first battery, and 
a second driver provided between the second armature coil and the second 
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battery; an inverter that converts a voltage of the first battery and a voltage 
of the second battery to an AC voltage; and a controller that controls the first 
driver, the second driver, and the inverter. 

Each driver includes: a polyphase rectifier circuit that is constituted by 
5 a bridge circuit of diodes, and rectifies an AC voltage induced in the 
corresponding armature coil to supply the AC voltage to the corresponding 
battery; and a polyphase switch circuit that is constituted by a bridge circuit 
of switch elements, each switch element being connected in anti-parallel to 
the corresponding diode that forms the polyphase rectifier circuit. 
10 The controller includes : a driver control unit that flows drive currents 

through the first armature coil and the second armature coil from the first 
battery and the second battery through the polyphase switch circuits in the 
first driver and the second driver, respectively, so as to rotate the magnet 
rotor in a direction of starting the internal combustion engine, when the 
15 internal combustion engine is started, and controls the polyphase switch 
circuits in the first driver and the second driver, so as to keep, at a value 
equal to or less than a set value, DC voltages supplied to the first battery and 
the second battery from the first armature coil and the second armature coil 
through the polyphase rectifier circuits in the first driver and the second 
driver, after the internal combustion engine is started; and an inverter 
control unit that controls the inverter so as to output an AC voltage at a 
desired frequency from the inverter. 

The first battery and the second battery are connected in series or in 
parallel according to an effective value of the AC voltage output from the 
25 inverter and are connected between DC input terminals of the inverter. 

With the construction as described above, the drive currents can be 
flowed through the first armature coil and the second armature coil from the 
first battery and the second battery through the switch circuits in the first 



20 



5 



driver circuit and the second driver circuit to drive the magnet rotor in the 
direction of starting the engine, when the internal combustion engine is 
started. 

After the internal combustion engine is started, charging currents can 
5 be supplied to the first battery and the second battery from the first armature 
coil and the second armature coil through the rectifier circuits in the first 
driver and the second driver to charge the batteries, and output voltages of 
the batteries can be converted by the inverter into an AC voltage at a 
commercial frequency and supplied to a load. 

10 As described above, the first battery and the second battery, connected 

in series or in parallel according to the effective value of the AC voltage 
output from the inverter, are connected between the input terminals of the 
inverter. Thus, the generator having a maximum output equal to a rated 
output of the inverter can be used to generate a 100 V system voltage and a 

15 200 V system voltage. Therefore, a starter generator that can generate the 
100 V system voltage and the 200 V system voltage can be obtained without 
increasing sizes of an armature core and the armature coils more than 
necessary. 

In a preferable aspect of the invention, there are further provided a 
20 first diode having a cathode and an anode connected to a positive terminal of 
the first battery and a positive terminal of the second battery, respectively, 
and a second diode having a cathode and an anode connected to a negative 
terminal of the first battery and a negative terminal of the second battery, 
respectively, and the positive terminal of the first battery and the negative 
25 terminal of the second battery are connected to a positive DC input terminal 
and a negative DC input terminal, respectively, of the inverter. 

With such a construction, the negative terminal of the first battery and 
the positive terminal of the second battery are connected or disconnected to 
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transfer between a state where the first battery and the second battery are 
connected in series and a state where the both batteries are connected in 
parallel. 

When the first diode and the second diode are provided as described 
5 above, it is preferable to connect a series-parallel transfer switch between the 
negative terminal of the first battery and the positive terminal of the second 
battery. With the series -parallel transfer switch, the transfer switch is 
turned on to connect the first battery and the second battery in series, and 
the transfer switch is turned off to connect the batteries in parallel. 

10 

BRIEF DESCRIP TION OF THE DRAWINGS 
The above and other objects and features of the invention will be 
apparent from the detailed description of the preferred embodiments of the 
invention, which is described and illustrated with reference to the 
15 accompanying drawings, in which," 

FIG. 1 is a schematic circuit diagram of a construction of an 
embodiment of the invention," 

FIG. 2 is a block diagram of an example of a construction of a controller 
used in the embodiment of FIG. l; 

20 FIG. 3 is a schematic circuit diagram of a construction of another 

embodiment of the invention," 

FIG. 4 is a truth table used when a controller determines a voltage 
instruction value in the embodiment of FIG. 3; 

FIG. 5 is a schematic circuit diagram of a variation of a series -parallel 
25 transfer switch used in the embodiments of FIGS. 1 and 3," 

FIG. 6 is a graph showing a feature of an output voltage to an output 
current, and a feature of an output voltage to an output when a starter 
generator according to the invention is operated as a generator," 
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FIG. 7 is a schematic circuit diagram of a construction of a starter 
generator in which, when the starter generator is operated as a generator, an 
output of one battery charged with an output of the generator through a 
rectifier circuit is converted into an AC voltage by an inverter, and a 100 V 
system voltage and a 200 V system voltage are output from the inverter; and 

FIG. 8 is a graph showing a feature of an output voltage to an output 
current, and a feature of an output voltage to an output when the starter 
generator in FIG. 7 is operated as the generator to cause the inverter to 
output the 100 V system voltage and the 200 V system voltage. 

DETAILED DESCR IPTION OF THE PREFERRED EMBODIMENTS 
Now, embodiments of the invention will be described with reference to 
the drawings. FIG. 1 shows a construction according to an embodiment of 
the invention. In FIG. 1, a reference numeral 11 denotes a rotating electric 
machine mounted to an internal combustion engine, which includes a magnet 
rotor 12 mounted to a crankshaft of the engine, and a stator (an armature) 13 
secured to a case or the like of the engine. The shown magnet rotor 12 is 
comprised of a cup -like rotor yoke 12A mounted to the crankshaft of the 
engine, and four permanent magnets ml to m4 mounted at 90° intervals to 
an inner periphery of the rotor yoke, and the magnets ml to m4 constitute a 
four-pole magnet field. 

The stator 13 includes a six-pole armature core 14, and a first 
armature coil which is constituted by phase coils Lul to Lwl and a second 
armature coil which is constituted by phase coils Lu2 to Lw2 wound around 
the armature core 14. 

The armature core 14 includes an annular yoke 14a, and six salient 
poles 14b 1 to 14b6 radially protruding from an outer periphery of the yoke, 
and six magnetic pole portions are formed on tips of the salient poles 14b 1 to 
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14b6, respectively. The six magnetic pole portions face magnetic poles of the 
magnet rotor 12 with predetermined gaps therebetween. 

The three-phase first armature coil Lul to Lwl is wound around the 
three salient poles 14b 1 to 14b3 of the armature core 14 with the same 
number of turns. The second armature coil Lu2 to Lw2 is wound around the 
salient poles 14b4 to 14b6, provided 180° away from the salient poles 14b 1 to 
14b3, with the same number of turns. 

The first armature coil and the second armature coil are wound to have 
the same coil specifications, and the number of turns of each armature coil is 
determined so as to induce a voltage with a peak value of at least 170 V in 
each armature coil when the internal combustion engine is in a normal 
operation state. 

The first armature coil Lul to Lwl and the second armature coil Lu2 to 
Lw2 are star-connected. Three-phase terminals llul to llwl are drawn 
from ends opposite from a neutral point of the first armature coil Lul to Lwl, 
and three-phase terminals llu2 to llw2 are drawn from ends opposite from a 
neutral point of the second armature coil Lu2 to Lw2. 

Positional sensors hu, hv, and hw that detect a rotation angle position 
of the magnet rotor 12 with respect to the armature coil in a U-phase, a 
V-phase, and a W-phase are mounted to the stator 13 in order to operate the 
rotating electric machine 11 as a brushless DC electric motor to rotatably 
drive the crankshaft when the engine is started. The positional sensors hu 
to hw include a Hall IC, and detect a polarity of the magnetic pole of the 
magnet rotor 12 in positions corresponding to predetermined areas of the 
magnetic pole portions at the tips of the salient poles 14b6, 14b 1, and 14b2 
around which the armature coil in the W-phase, the U-phase, and the 
V-phase is wound. The positional sensors hu to hw output rectangular 
waveform position detection signals Hu to Hw having different levels 



between when the positional sensors hu to hw detect the N magnetic pole and 
when the positional sensors hu to hw detect the S magnetic pole. 

In the embodiment in FIG. 1, the magnet rotor 12 rotates clockwise in 
FIG. 1 when the internal combustion engine rotates in a forward direction. 

In the invention, a first driver 15A and a second driver 15B are 
provided with respect to the first armature coil Lul to Lwl and the second 
armature coil Lu2 to Lw2, respectively, in order to flow drive currents 
through the first armature coil and the second armature coil when the 
internal combustion engine is started, and to rectify AC voltages output by 
the first armature coil and the second armature coil after the internal 
combustion engine is started. 

The first driver 15A includes a three-phase diode bridge full-wave 
rectifier circuit constituted by diodes Du to Dw that form an upper side of a 
bridge and diodes Dx to Dz that form a lower side of the bridge, and a bridge 
type switch circuit constituted by switch elements Qu to Qw and Qx to Qz 
connected in anti-parallel to and bridge-connected to the diodes Du to Dw and 
Dx to Dz of the rectifier circuit. A first power supply capacitor Cdl is 
connected between DC terminals pi and nl, which are drawn in common 
from the rectifier circuit and the switch circuit. 

The three-phase terminals llul to 1 lwl of the first armature coil are 
connected to a three-phase AC terminal 15ul to 15wl drawn in common from 
the rectifier circuit and the switch circuit in the first driver 15A, and a 
positive terminal and a negative terminal of a first battery Bl are connected 
to the positive DC terminal pi and the negative DC terminal nl of the driver, 
respectively. 

A second driver 15B is comprised completely the same as the first 
driver, and a second power supply capacitor Cd2 is connected between the DC 
terminals p2 and n2. The three-phase terminals llu2 to llw2 of the second 
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armature coil Lu2 to Lw2 are connected to three-phase AC terminals 15u2 to 
15w2 of the second driver 15B, and a positive terminal and a negative 
terminal of a second battery B2 are connected to a positive DC terminal p2 
and a negative DC terminal n2 of the driver 15B. 

Further, a cathode and an anode of a first diode Dl are connected to 
the positive terminal of the first battery Bl and the positive terminal of the 
second battery B2, respectively, and a cathode and an anode of a second diode 
D2 are connected to the negative terminal of the first battery Bl and the 
negative terminal of the second battery B2, respectively. 

A series-parallel transfer switch 19 that includes a relay contact or the 
like and can be controlled on/off is connected between the negative terminal 
of the first battery Bl and the positive terminal of the second battery B2. 
When the series-parallel transfer switch 19 is closed, the first battery Bl and 
the second battery B2 are connected in series, and when the series-parallel 
transfer switch 19 is opened, the batteries are connected in parallel via the 
diodes Dl and D2. 

A positive DC input terminal P and a negative DC input terminal N of 
an inverter 16 are connected to the positive terminal of the first battery Bl 
and the negative terminal of the second battery B2, respectively; and 
depending on on/of of the series-parallel transfer switch 19, a voltage across 
the batteries Bl, B2 connected in series (a sum of the voltages of the two 
batteries), or an output voltage of each of the batteries Bl, B2 connected in 
parallel is applied between the DC input terminals P, N of the inverter 16. 

In the embodiment, the first battery Bl and the second battery B2 are 
connected in parallel when a 100 V system voltage is output from the inverter 
16, and the first battery Bl and the second battery B2 are connected in series 
when a 200 V system voltage is output from the inverter 16. 

The inverter 16 is a bridge type inverter including a bridge circuit of 
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switch elements Qa to Qd, and diodes Da to Dd connected in anti-parallel to 
the switch elements. The inverter is controlled by a controller described 
later to alternately create a period when the switch elements Qa, Qd in 
diagonal positions of the bridge are ON, and a period when the switch 
elements Qb, Qc in another diagonal positions are ON, thereby converting DC 
voltages provided from the batteries Bl, B2 into an AC voltage. 

An AC voltage obtained between AC output terminals 16u, 16v of the 
inverter 16 is provided to an unshown load through a filter 17 that removes 
harmonic contents from the AC voltage. 

In this embodiment, MOSFETs are used as the switch elements Qu to 
Qw and Qx to Qz that constitute the switch circuit in each driver. When the 
MOSFETs are used as the switch elements, parasitic diodes formed between 
drain and source of the MOSFET can be used as the diodes Du to Dw and Dx 
to Dz that constitute the rectifier circuit. Likewise, the MOSFETs are thus 
used as the switch elements Qa to Qd that constitute the inverter 16. When 
the MOSFETs are used as the switch elements Qa to Qd, the parasitic diodes 
formed between drain and source of the MOSFET can be used as the diodes 
Da to Dd. 

A controller 18 having a microprocessor is provided in order to control 
the first driver 15A, the second driver 15B, and the inverter 16. To the 
controller 18, the outputs of the positional sensors hu to hw that detect the 
rotation angle position of the magnet rotor 12, a start instruction signal 
provided from a start switch SW1 to which a DC voltage is applied from an 
unshown DC power supply through a resistance Rl, and a voltage transfer 
instruction signal provided from a voltage transfer instruction switch SW2 to 
which an output voltage of the unshown DC power supply is applied through 
a resistance R2 are input. 

The controller 18 includes: a driver control unit that flows currents to 
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the first armature coil Lul to Lwl and the second armature coil Lu2 to Lw2 
from the first battery Bl and the second battery B2 through the switch 
circuits in the first driver 15A and the second driver 15B, respectively, so as 
to rotate the magnet rotor 12 in a direction of starting the internal 
5 combustion engine, when the internal combustion engine is started, and 
controls the switch circuits in the first driver 15A and the second driver 15B, 
so as to keep, at a value equal to or less than a set value, DC voltages 
supplied to the first battery Bl and the second battery B2 from the first 
armature coil and the second armature coil through the rectifier circuits in 
) the first driver 15A and the second driver 15B, after the internal combustion 
engine is started; and an inverter control unit that controls the inverter 16 so 

as to output an AC voltage at a commercial frequency from the inverter. 

The driver control unit and the inverter control unit are comprised of 

means for achieving various functions that are achieved by causing the 

microprocessor in the controller 18 to execute a predetermined program. 

FIG. 2 shows an example of means for achieving functions comprised by the 

microprocessor. 

In FIG. 2, a reference numeral 18A denotes the driver control unit, and 
18B denotes the inverter control unit. The shown driver control unit 18A 
includes: start completion detection means 20 for completing a start of the 
internal combustion engine; excitation pattern determination means 21 for 
determining, from the outputs of the positional sensors hu to hw, an 
excitation pattern that indicates a phase where an armature current is 
flowed (an excitation phase) and a phase where the armature current is not 
flowed (a non-excitation phase) in order to rotate the magnet rotor 12 in the 
direction of starting the internal combustion engine, when the start 
instruction switch SW1 provides a start instruction, and the start completion 
detection means 20 does not detect that the start of the engine has been 
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completed; first driver drive means for starting 22 and second driver drive 
means for starting 23 for providing a drive signal (a signal for turning on a 
switch element) to a predetermined switch element of the first driver 15A and 
the second driver 15B so as to flow an armature current through an armature 
coil in the excitation phase determined by the excitation pattern 
determination means 21, when the start instruction switch SWl provides a 
start instruction, and the start completion detection means 20 does not detect 
that the start of the engine has been completed; first driver output voltage 
detection means 24 and second driver output voltage detection means 25 for 
detecting an output voltage of the first driver 15A (a voltage across the 
capacitor Cdl) and an output voltage of the second driver 15B (a voltage 
across the capacitor Cd2) when the start completion detection means 20 
detects that the start of the engine is completed; first driver control means for 
generation 26 for controlling the switch circuit in the first driver 15A so as to 
keep, at a set value, the voltage detected by the first driver output voltage 
detection means 24, when the start completion detection means 20 detects 
that the start of the engine is completed; second driver control means for 
generation 27 for controlling the switch circuit in the second driver 15B, so as 
to keep, at a set value (in this embodiment, approximately 170 V), the voltage 
detected by the second driver output voltage detection means 25, when the 
start completion detection means 20 detects that the start of the engine is 
completed; and series-parallel transfer switch control means 28 for 
controlling the series-parallel transfer switch 19 according to the voltage 
transfer instruction provided by the voltage transfer switch SW2. 

The inverter control unit 18B includes: inverter drive means 30 for 
supplying drive signals A to D to the switch elements Qa to Qd that 
constitute the inverter 16 so as to output the AC voltage at the commercial 
frequency from the inverter 16; inverter input voltage detection means 31 for 
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detecting the DC voltage input to the inverter 16; output voltage setting 
means 32 for setting an effective value (any of 100 V, 110 V, 120 V, 230 V, 
and 240 V) of the output voltage of the inverter as a set voltage; and PWM 
control means 33 for arithmetically operating a duty ratio of on/off of the 
switch elements required for performing PWM control of the switch elements 
of the inverter 16 to match the output voltage of the inverter to the set 
voltage, from the DC voltage input to the inverter 16 and the voltage set by 
the output voltage setting means 32, and performing PWM modulation of the 
drive signals A, C or B, D provided to the switch elements so as to turn on/off 
the switch elements of the inverter 16 in the arithmetically operated duty 
ratio. 

According to the starter generator for the internal combustion engine of 
the embodiment, when the start instruction switch SWl provides a start 
instruction to the controller 18, the excitation pattern determination means 
21 determines the excitation phase and the non-excitation phase according to 
the outputs of the positional sensors hu to hw. At this time, the first driver 
drive means for starting 22 and the second driver drive means for starting 23 
control the switch circuits in the drivers 15A, 15B so as to flow the armature 
currents through the first armature coil and the second armature coil in the 
excitation phase from the first battery Bl and the second battery B2, thus 
rotating the magnet rotor 12 in the starting direction of the engine to start 
the engine. 

When the start completion detection means 20 detects the completion 
of the start of the engine, the first driver drive means for starting 22 and the 
second driver drive means for starting 23 stop their operations, and thus all 
the switch elements of the first driver 15A and second driver 15B are turned 
off to stop the supply of the armature currents to the first armature coil and 
the second armature coil. 
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When the start of the internal combustion engine is completed, the 
rotating electric machine 1 enters a state of being driven by the engine. 
Thus, three-phase AC voltages are induced in the first armature coil Lul to 
Lwl and the second armature coil Lu2 to Lw2, and the voltages are applied to 
the first battery Bl and the second battery B2 through the rectifier circuits in 
the first driver 15A and the second driver 15B. This charges the batteries. 
When the output voltages of the armature coils increase to cause the voltage 
across the first battery Bl and the voltage across the second battery B2 to 
exceed the set value (170 V), the switch circuits in the first driver 15A and 
the second driver 15B are controlled so that the first driver control means for 
generation 26 and the second driver control means for generation 27 reduce 
the voltages applied to the first battery Bl and the second battery B2 to less 
than the set value. This control is performed, for example, by turning on at 
the same time the switch elements Qu to Qw that form the upper side of the 
bridge of the switch circuit in each driver, or turning on at the same time the 
switch elements Qx to Qz that form the lower side of the bridge, when the 
voltage across each battery exceeds the set value, to form a circuit that shorts 
the output of the armature coil in each driver. 

Thus, while the internal combustion engine is driven, the voltages 
supplied to the first battery and the second battery from the first armature 
coil and the second armature coil through the rectifier circuits in the first 
driver and the second driver are kept at a value equal to or less than the set 
value, and the voltages across the batteries Bl, B2 are kept at the set value 
(in this embodiment, 170 V). 

When the voltage transfer instruction switch SW2 instructs to select 
the 100 V system voltage as the output voltage of the inverter, the 
series-parallel transfer switch control means 28 turns off the series-parallel 
transfer switch 19 to connect the first battery Bl and the second battery B2 
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in parallel. In this state, the terminal voltage (170 V) of the first battery Bl 
and the second battery B2 is input to the inverter 16. At this time, the PWM 
control means 33 performs the PWM control of the switch elements of the 
inverter in a predetermined duty ratio so as to match the output voltage of 
the inverter to the voltage set by the output voltage setting means 32 (100 V, 
110 V, or 120 V), and causes the inverter 16 to output an AC voltage equal to 
the set voltage (the effective value) and at the commercial frequency. 

When the voltage transfer instruction switch SW2 instructs to select 
the 200 V system voltage as the output voltage of the inverter, the 
series-parallel transfer switch control means 28 turns on the series-parallel 
transfer switch 19 to connect the first battery Bl and the second battery B2 
in series. In this state, a voltage two times larger than the terminal voltage 
of the first battery Bl and the second battery B2 (approximately 340 V) is 
input to the inverter 16. At this time, the PWM control means 33 performs 
the PWM control of the switch elements of the inverter in a predetermined 
duty ratio so as to match the output voltage of the inverter to the voltage set 
by the output voltage setting means 32 (230 V or 240 V), and causes the 
inverter 16 to output an AC voltage equal to the set voltage and at the 
commercial frequency. 

As described above, according to the starter generator of the invention, 
the stator has the polyphase first armature coil Lul to Lwl and the 
polyphase second armature coil Lu2 to Lw2, and the first driver 15A and the 
second driver 15B for the first armature coil and the second armature coil, 
respectively, the first battery Bl and the second battery B2 are charged with 
the induced voltages in the first armature coil and the second armature coil 
through the rectifier circuits in the first driver and the second driver, and the 
voltages obtained by connecting the batteries in series or in parallel are input 
to the inverter 16 and converted into the AC voltage. With such a 
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construction, the maximum output required for the armature coil may be 
equal to the rated output of the inverter in both the case where the 100 V 
system voltage is output and the case where the 200 V system voltage is 
output. Thus, the starter generator that can generate the 100 V system 
voltage and the 200 V system voltage can be obtained without increasing the 
sizes of the armature core 14, and the armature coils Lul to Lwl and Lu2 to 
Lw2 more than necessary. 

As a comparative example to the starter generator according to the 
invention, FIG. 7 shows a construction example of a starter generator for an 
internal combustion engine that is comprised so that one polyphase armature 
coil included in a stator is connected to a battery via a driver to convert a 
voltage of the battery into an AC voltage by an inverter, thereby obtaining 
both a 100 V system rated voltage and a 200 V system rated voltage by a 
generator with the same winding specifications. 

In FIG. 7, a reference numeral 1 denotes a rotating electric machine 
mounted to an internal combustion engine, which includes a magnet rotor 2 
mounted to a crankshaft of the engine, and a stator (an armature) 3 secured 
to a case or the like of the engine. The shown magnet rotor 2 is comprised of 
a cup -like rotor yoke 2A mounted to the crankshaft of the engine, and four 
permanent magnets ml to m4 mounted to an inner periphery of the rotor 
yoke so as to have four poles. The stator 3 includes an armature core 4 
having magnetic pole portions that face magnetic poles of the magnet rotor 2, 
and a three-phase armature coil which is constituted by phase coils Lu to Lw 
wound around the armature core 4. In the example in FIG. 7, coils Lul, Lu2 
to Lwl, Lw2 wound 180° in a mechanical angle away from each other and 
connected in series constitute the phase coils Lu to Lw in a U phase to a W 
phase, respectively. The phase coils Lu to Lw are star-connected, and 
three-phase terminals lu to lw are drawn from an end opposite from a 
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neutral point of the coils Lu to Lw. Positional sensors hu, hv, hw that detect 
a rotation angle position of the magnet rotor 2 with respect to the coils in the 
U-phase, the V-phase, and the W-phase are mounted to the stator 3 in order 
to operate the rotating electric machine 1 as a starting motor when the 
engine is started. 

In FIG. 7, a reference numeral 5 denotes a driver, which includes: a 
diode bridge full-wave rectifier circuit constituted by diodes Du to Dw and Dx 
to Dz; a bridge type switch circuit constituted by switch elements Qu to Qw 
and Qx to Qz connected in anti-parallel to the diodes of the rectifier circuit; 
and a capacitor Cd connected between DC output terminals of the rectifier 
circuit. The three-phase terminals lu to lw of the armature coil are 
connected to three-phase AC terminals 5u to 5w of the driver 5, respectively, 
and a battery B is connected between DC terminals of the driver. An output 
voltage of the battery B is input to a bridge type inverter 6 having a bridge 
circuit of switch elements Qa to Qd, and diodes Da to Dd connected in 
anti-parallel to the switch elements Qa to Qd, and an AC power at a 
commercial frequency is applied to an unshown load from the inverter 6 
through a filter 7. 

A reference numeral 8 denotes a controller that controls the driver 5 
and the inverter 6, and to the controller 8, outputs of the positional sensors 
hu to hw that detect the rotation angle position of the magnet rotor, a start 
instruction signal provided from a start switch SWl that instructs to start 
the internal combustion engine, and a voltage transfer instruction signal 
provided from a voltage transfer instruction switch SW2 that instructs to 
transfer a rated voltage to 120 V or 240 V are input. 

The controller 8 flows a current to the phase coils Lu to Lw from the 
battery B through the switch circuit in the driver 5, so as to rotate the 
magnet rotor in a direction of starting the crankshaft, when the internal 
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combustion engine is started, and controls the switch circuit in the driver 5, 
so as to keep, at a value equal to or less than a set value, a DC voltage 
supplied to the battery B from the phase coils Lu to Lw through the rectifier 
circuit in the driver 5, after the internal combustion engine is started. The 
controller also performs PWM control of the switch elements that constitute 
the inverter 6 so as to cause the inverter 6 to output an AC voltage at a 
commercial frequency instructed by the voltage transfer instruction switch 
SW2. 

FIG. 8 shows a feature of an output voltage V to an output current I, 
and a feature of an output voltage V to an output power P, when the starter 
generator in FIG. 7 is operated as a generator to obtain an output of 120 V 
and an output of 240 V. In FIG. 8, a curve a shows the feature of the output 
voltage V to the output current I, and a curve b shows the feature of the 
output voltage V to the output power P. Voltages of 170 V and 339 V shown 
on the longitudinal axis in FIG. 7 are peak values (= effective values x J~ 2) 
of output voltages of the generator, required for causing the inverter 6 to 
output the output voltages of 120 V and 240 V in effective values of rates 
voltages, and operation points when a rated output current is flowed at the 
rated output voltage of 120 V and when a rated output current is flowed at 
the rated output voltage of 240 V are a point A and a point B. A reference 
numeral PI denotes rated outputs of the inverter when the rated voltage is 
120 V and 240 V, and Pm denotes a maximum output of the generator. 
When the inverter is used to obtain both the 100 V system rated voltage and 
the 200 V system rated voltage by the generator with the same winding 
specifications, the maximum output Pm of the generator requires to be larger 
than the rated output PI of the inverter, as shown. 

On the other hand, FIG. 6 shows a feature of an output voltage V to an 
output current I, and a feature of an output voltage V to an output power P 
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when the starter generator according to the invention shown in FIG. 1 
operates as the generator. In FIG. 6, a curve al shows the feature of the 
output voltage V to the output current I when the batteries Bl, B2 are 
connected in parallel for operation, and a curve a2 shows the feature of the 
output voltage V to the output current I when the batteries Bl, B2 are 
connected in series for operation. A curve bl shows the feature of the output 
voltage V to the output P when the batteries Bl, B2 are connected in parallel 
for operation, and a curve b2 shows the feature of the output voltage V to the 
output P when the batteries Bl, B2 are connected in series for operation. A 
dashed curve a shows the feature of the output voltage V to the output 
current I as the same as the curve a in FIG. 8. 

In FIG. 6, a point A is an operation point when the rated AC output PI 
with the rated voltage of 120 V is obtained from the inverter, and a point B is 
an operation point when the rated AC output with the rated voltage of 240 V 
is obtained from the inverter. 

According to the invention, the stator has the first armature coil and 
the second armature coil, and the first battery and the second battery 
charged with rectified outputs of the armature coils, and the first battery and 
the second battery, connected in series or in parallel according to the effective 
value of the AC voltage output from the inverter 16, are connected between 
the input terminals of the inverter 16. Thus, as shown in FIG. 6, the 
maximum output required for the armature coil may be equal to the rated 
output PI in both the case where the 100 V system voltage is output and the 
case where the 200 V system voltage is output. Therefore, the starter 
generator that can generate the 100 V system voltage and the 200 V system 
voltage can be obtained without increasing the sizes of the armature core 14, 
and the armature coils Lul to Lwl and Lu2 to Lw2 more than necessary. 

In the above described embodiment, the output of the voltage of 120 V 
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and the output of the voltage of 240 V are generated from the inverter, but a 
combination of voltages generated from the inverter is not limited to this. 
For example, the voltages generated from the inverter may be 120 V and 230 
V, or all the voltages of 100 V, 110 V, 120 V, 230 V, and 240 V may be 
generated. 

FIG. 3 shows another embodiment of the invention. In this 
embodiment, two switches SW21 and SW22 to which a DC voltage is applied 
from an unshown power supply through resistances R21, R22 are provided as 
voltage transfer instruction switches, and turning on/off the switches causes 
binary signals X and Y that take a value of "1" or "0" to be input to a 
controller 18. The controller 18 includes voltage instruction value 
determination means for determining a voltage value instructed by the 
voltage transfer instruction switch, from a combination of the values of the 
signals. The voltage instruction value determination means determines 
which of the following values-' 100 V, 120 V, 230 V, and 240 V, the rated value 
of the output voltage of the inverter 16 instructed by the voltage transfer 
instruction switch is, from the combination of the values of the signals X, Y, 
for example, according to a truth table in FIG. 4. Then, the voltage 
instruction value determination means determines whether the 
series-parallel transfer switch 19 is to be turned on or turned off based on the 
determination results. Other constructions of the starter generator in FIG. 
3 are the same as in the embodiment in FIG. 1. 

In the above described embodiments, the relay contact is used as the 
series-parallel transfer switch 19, but as shown in FIG. 5, the series-parallel 
transfer switch 19 may be constituted by a semiconductor switch. In the 
example in FIG. 5, the series-parallel transfer switch 19 is constituted by a 
MOSFETQf having a parasitic diode Df formed between drain and source. 

In the above described embodiments, the series-parallel transfer switch 
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19 is controlled according to the voltage transfer instruction, but the 
series-parallel transfer switch 19 may be manually operated. 

In the above described embodiments, the series-parallel transfer switch 
19 is connected between the negative terminal of the battery Bl and the 
positive terminal of the battery B2. Alternatively, without such a transfer 
switch, if it is previously learned that a commercial power supply in a 
shipment destination is from a 100 V system, the battery Bl and the battery 
B2 may be connected in parallel without connecting the negative terminal of 
the battery Bl and the positive terminal of the battery B2 at the time of 
shipment from a factory, and if it is previously learned that a commercial 
power supply in a shipment destination is from a 200 V system, the battery 
Bl and the battery B2 may be connected in series by connecting the negative 
terminal of the battery Bl and the positive terminal of the battery B2 with 
wiring at the time of shipment from the factory. 

As described above, according to the invention, the stator has the first 
armature coil and the second armature coil, and the first battery and the 
second battery charged with the rectified outputs of the armature coils, and 
when the starter generator is operated as the generator, the first battery and 
the second battery, connected in series or in parallel according to the effective 
value of the AC voltage output from the inverter, are connected between the 
input terminals of the inverter. Thus, the maximum output required for the 
armature coil may be equal to the rated output of the inverter in both the 
case where the 100 V system voltage is output and the case where the 200 V 
system voltage is output. Therefore, the starter generator that can generate 
the 100 V system voltage and the 200 V system voltage can be obtained 
without increasing the sizes of the armature core and the armature coils 
more than necessary. 

In the above described embodiment, the three-phase armature coil is 



23 



used as the first armature coil and the second armature coil, but generally, 
an n-phase armature coil (n is an integer equal to or more than 3) can be used 
as the first armature coil and the second armature coil. As the rectifier 
circuit and the switch circuit that constitute the first driver and the second 
driver, an n-phase bridge type rectifier circuit and an n-phase switch circuit 
may be used so as to match the number of phases of the armature coil. 

Although some preferred embodiments of the invention have been 
described and illustrated with reference to the accompanying drawings, it 
will be understood by those skilled in the art that they are by way of 
examples, and that various changes and modifications may be made without 
departing from the spirit and scope of the invention, which is defined only to 
the appended claims. 
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